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Another line of enquiry started by Ruther-
ford when he succeeded in transniuting
Nitrogen nto Oxygen with emission of
hydrogen by bombarding Nitrogen with
a-particles has been followed nupin recent years
with great success. Almost every element has
now been converted into some other and new
radioactive elements have been artificially
produced by Curie and Joliot and Fermi
and others. The missiles at the disposal
of the physicist have also multiplied;
a-particles, protons, diplons (heavy hydrogen
nuclel} and neutrons have all been emploved
for this purpose. Cockeroft and \Walton
and Lawrence and others have refined ex-
perimental technique to such an extent
that protons and deutons can now be given
energies almost equivalent to that of the
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a-particles provided by Nature and the
corresponding progress In the programme
of transmutation has been extensive, Thus
when Li is bombarded by a deuton or
Ii. by a proton we get two a-paeticles
which have abont ten times the energy of
the  bombharding particles. The internal
enerey of the nuclens has thus heen get free
to some extent. Who ghall limit the pos-
sibilifles inherent in this achievement ?
Gladstone lived to levy a tax on an industry
developed from Faraday s discovery. Hertz's
dircovery has revolntionised modern methods
of communieation. ¥What practical pos-
sibility lying latent in the nucleus may not
become an accomplished ftaect and what
revolutions may it not bring about ?

North Bihar Earthquake of January 15, 1934.%

By 8. IC. Banerii,
M eteorological Depariment, Poonag.,.

HE earthquake which occurred in North
Bihar on January 15, 1934, had many
important peculiarifies. The shock was
felt over an area of not less than 3 million
square miles—an area which is perhaps
greater than that of any carthguake recorded
during the Jast 1060 years. An intportant
feature which has been prominently brounght
to notice 18 the mequality of propagation of
surface vibrations in different directions.
These were felt at greater distances towards
the south and the west than the north and
the east, the Himalayas in the north and the
Aggsam and Burma mountains in the east
acting as barriers and damving them out
considerably. That thege mountain folds
and the fault planes which bound them
should ohstruct the normal propagation of
surface waves is what we should expect
trom the theory of elasticity.

An earthquake of gevere intensity has
usnally an energy of the order of 10%
ergs but the present earthquake appears to
have energy slightly greater than 1(%* ergs.
There are reveral methods by which the
caleculation of the energy of the earthquake
can he made, hut the simplest one is to
use the results obtained theoretically hy
Nakano that for an earthquake of shallow
focur 0-4 of the energy sent out from a
compressinnal disturbance and -9 of that
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¢ BBased on the opening speech st t)e symposium
held at thec Indian Science Congress, 1036,

from a distortional one goes into surface
waves. I then we estimate by means of
seismograms the veloeity of ground maove-
ments at some tixed distance, say 200 km.,
all ronnd and also estimate the length of
the wave tramn carrving most of the ¢nergy,
we can minediately caleulate the total energy
of the carthquake, To illustrate the method
of calculation, we would estimate that the
mean veloeity at a distance of 200 k. was
250 em’sec. Sinee the mean density  of
surface rocks ig ahout 2.7, the kinetie
energy per unit volume i 9 x 10* ergs. On
the average the potential energy 18 the same
as the Kkinetie encrey. and., therefore, the
total energy per unit volume iz 1-8 x 10°
ergs. Now the leugth of the part of the wave
train carrying most of the energy

= mean velocity of surface waves X timne

token to pass over a given place
= § < 10" X 10 2 60 = 2.1 X 10" approxi-
mately.
Integrating over a ecircle of radius 200 km.,
we see that the energy or surface vibrations
=18 x1¢" x 24 10" > 1-2 x10° =
5 10°! nres,

According to the results obtained by Nakano,
this is only a fraction of the total energy.
Taking disgipation and other factorg into
account it would seem that the total energy
ik slightly greater than 10%2 erpg, 1t is easily
geen that this estimate of the total energy
is not much affected, if we entimate a slightly
greater or smallar value {or the velocity
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ot the duration of the length of wave train
or both at a distance of 200 km.

An energyv of the order of 10%? ergs could
be produced by the fracture of a gaadrangular
rock of dimensions 150 km. x 100 km. and
thickness 10 km.
breadth, and 24 the thickness of a quad-
rangular rock, then its potential energy when
bent by couples is
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where R, R, are the radii of curvature,
E the Young's modulus and o the Poisson’s
ratio. When the rock cracks, this energy
18 released. It is important to notice that
this expression involves thickness in the
third power hut the length and breadth
only in the first power. It is. therefore, the

thickness which contribntes most to the
amount of energy released. We have no
ohservational evidence in rcgard to the

amaount of bend which a plate of rock of
large dimensions can stand before rupture,
but, according to defirition, if (O is the
centre of the rock, and if a plane through the
normal and a principal axis of the indicatrix
cut the extremities of the rock in the dia-

meter YVQ', then the radius of cuarvature R |

is given by 2R-OV — QV: But QV ig
either 75 km. or 30 km. according as the
plane passes through the major or the
minor axis of the indicatrix. It would be
safe to assume that the rock will erack 1f OV
become as large as 100 metrest (Mg, 1),

This wonld nake R, and R, to be of the |
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order 10'” cmn. and 10° em. respectively.
With these values for R, and R, it is easily
seen from the formula that the amount
of energy which wonld he rcleased by a
bent quadrapgular rock of dimensions 150

f Surface earthquake waves which usually have
wave-lengths of 60 or 70 km. invariably cause
extenstve cracks if they have amplitudes as Jarge
as one mel(re. The estiinate of 100 metres for OV
would thus appear to be an overestimate and nat
an underestimaté, A smaller value for OV would

reqnire greater thickness for the rock to vield the
pAme energy.

If a be the length, b the

km. X 100 km. x 10 km. is of the order
of 10** ergs. If the thickness was less than
10 km., its length and breadth would have
to be considerably greater than 150 km.
and 100 km. respectively in order to give the
energy of this magnitude. This would sug-
gest that the focus of thig earthquake must
have covered a wide volume and the epi-
central tract a fairly wide area. This is
confirmed by the obgervations' made by
the Geological Survey.

The very great preponderance of surface
waves In this earthquake, as well as the
type of movements in the preliminary and
the secondary phases all suggest that this
carthquake had a shallow focus.? If we
estimate the depth ot focus from the relative
importance of the different phases in the
seismogram, we find that its upper surface
was probably not lower than 15 km, From
an analysis of the “delay in starting’ of the
phases P, P* P, 8, 8% & TRay® has re-
cently estimated the depth of focus to be
about 13 km. With this information in
our possession, the question arises whether
the thegry of elasticity can make any de-
finite contribution to the search for the
cause of this carthquake.

It is almost certain that isostatic com-
pensation holds in the case of such large
mountaing as the Himalayas. Tor, suppose
that compensation did not hold, and that
the Himalavas could be supported by the
strength of the crust and the substratum.
Caleulation by the method given by Love?
shows that the stress differences required to
support mountaing of height 10,000 metres
above the adjacent valleyvs in a uniform crust
would be about 10" dvnes/cm.® This is
near the erushing strength of hasalt, which
could, theretore. just support the Himalayas
if the stresses necessary could be distributed
over an nfinite depth. The Himalayas
apart from being very high are of such
large horizontal extent that they would
produce breaking stresses in the lithosphere
assumed to be of finite thickness. It is
therefore very likely that they are bounded
by fault plancs so that they can move up
and down independently, that is to say,
float on the lithosphere and undergo up
and down movements without disturbing the

L Rec. of the Gesloyical Survey, 1931, 38, 177.
2 Phil. Mag, 1925, 49, 65.
3 Curr, Sci., 1935, 3, 2908,

¢ Some Problems of Geodyngmics, pp. 38-48;
Jeffrey's Earth, pp. 178-202.
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surface crust over the continents. But can | obgervations, Sach observations™ have

relationship between the mountains and the
continent be so simple as this ? The fault
planes being planes of fractures are prob-
ably Inclined to the vertical. A clear gap
does not apparently exist. There are prob-
ably huge rocks connecting the mountains
and the continents across the fault planes.
Any upward or downward movement of the
mountains will necessarily introduce con-
siderable stress In these rocks and if the
elastic imit is reached, breaking will ocenr.
Was a process like this the cause of the
present earthgquake? The upward motion
of the mountains catt of course oecur as a
consequence of denudation and if they are
floating more or less independently of the
continents the gravity anomalies fgund in
the Gangetic plain and elsewhere are prob-
ably not of much importance as nndoubtedly
the strength of the continental crust, i.c.,
the cohesion of the materials forming the
continental crust, is able to support 2 smail
departure from perfect isostacy.

A theory or the above kind e¢an only

shown that the main epieentral tract has the
form of an elongated ellipse and that it is
situated at a distance of about 356 km. from
the boundary fault (lheg. 2). If P be the
greatest principal dtress at any point in a
rock and R bhe the least, the fanlt planes
will, according to the theory developed by
Mohr, Navier and others, be inclined at
angle 8 to the direction of P, given by
(P-- R)sin 20 4 pcos 28) — u(P - R) = a
maximum, This equation means that along
the planes of fracture the tangential stress
duninished by the registance to movement
which 18 due to infternal frietign must be
maximum, and gives 6 = 221° for n =1,
This resalt® 18 supported by ohservations,
for, 111 the ease of normal faulting it is known
that P 18 very nearly vertical and R hori-
zontal, and that normal faults are ine¢lined
. to the vertical at an angle slightly greater
than 224°, The faults cannot, however,
be along a straight line, such as O0A (or QA’

-

5 Iter. of Genlogical Suwrvey, ihid.

gstand if it can be supported hy  geological & Beitrige Zur. Geophysil:, 1934, 43, b,
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Epicentral Tract, isoseismal lings and boundary fault
(Based on the Report of Geological Survey of [ndia),
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Verntical Section through epicentre and nearest point of
boundary fault.

For, observations as well as theory of frac-

tures’ produced by loading always indicate .

that they lie along a curve such as OBC.
The depth of the faul{s below the observed
epicentral tract will thervefore he about
20 km., and if an elongated rock of dimen-
sions 150 km. x 100 km. and thickness 10 km.
(rectangular, elliptical or other shape) was
Iving acrossg the fault at this depth and was
strained, it could by fracture give the energy
required for the product inn of the earthquake.
The two subsidiary epicentral tracts near
Khatmando and Monghyr were probably
induced by a major crack of this kind.

The earthquake occurred on a new moon
dayv, and on such a day we get a body tide
due to the elastic yielding of the solid material
of the earth, such that the height of the
oceans, a8 measured by the rise and fall
of the sea, relative to the land is reduced
to about = of the trne equilibrium height
(if the rigidity of earth be assumed to be the
same as that of steel). On that day also
an atmospheri¢c disturbance was passing
over Northern India and Darwin has shown
that if the difference of barometric pressure
between consecutive regions of “high” and
“low " pressures be 5 em. of mercury and
if the centres of ““high’ and “low’ be
1,500 miles apart, then as a consequence of
the vielding of the ground, it will be 9 cm.
higher under the hammetne. depression than
under the elevation. These causes could,
therefore, conceivably have served to produce
a2 kind of trigger action.,

Some Recent Advances in Indian Geology.*

By W. D. West,
Geological Survey of India.

5. The Geology of Salt Range.

TI—IIS comparatively small range of moun-

tains in the northern Punjab has long
been regardaed as the show loeality of Indian
geology. Its fairly complete geological re-
cord, its abundant fossils and its comyplicated
stracture have combined to make it a place
of great atfraction to geologists. Bound up
with the correct interpretation of its strue-
ture is the question of the age of the Saline
series, concerning which almost every geo-
logist who has visited the Salt Range seems
to have propounded a theory. The problem,
it will be recollected. lies in the fact that

7 Banerji, Bulletin Cal, Math. Soc., 1921, 12, 93,

* Published with the permission of the Director,
Gevlogical Survey of India,

while 1n the Salt Range the Saline series
underliecs rocks of Cambrian (or possibly
pre-Cambrian) age, In the Kobat district,
only 17 miles away, it underlies roeks of
Upper Nummulitie (Middle Kocene) age.
And since in the latter place it was con-
cidered by D. N. Wadjag and L. M. Davies
to be of lower Eocene age,” & view subse-
quently corroborated by E. R. Gee” its
stratigraphical position in the Salt Range
was difficult to understand.

There is no need to summarise the early
stages of this controversy. Suffice it to say
that Sir Edwin Pascoe, as a result of his

1 Trans. Min. Geol. Inst. Ind., 1929, 24, 202,

2 Rec. Geol, Surv, Ind., 1931, 65, 20 ; and Curr.
Sct,, 1934, 2, 461.



